The synthesis of a series of substituted hippuric acid (2-benzamidoacetic acid) derivatives containing arylsulfonylpiperazine nucleus (3a-j, 4a-j) is described. The compounds were synthesized by coupling hippuric/4-fluorohippuric acid with various arylsulfonylpiperazines using N-(3-dimethylaminopropyl)-N-ethylcarbodiimide (EDCI). The structures of all the new compounds were confirmed by IR, NMR and MS spectral data. All the synthesized compounds have been evaluated for their in vitro cytotoxicity towards five human cancer cell lines of different origins viz. HeLa (Cervical), A549 (Lung), A375 (Skin), MD-AMB-231(Breast) and T98G (brain) and their IC50 values were determined. Among the compounds tested, 3b, 3d, 3g, 4c and 4e displayed significant cytotoxic activity (IC50 = 24.2-38.2 µM). T98G was the most sensitive cell line towards the compounds studied followed by HeLa, A375, A549 and MD-AMB-231.
INTRODUCTION
OWADAYS, cancer has gradually become the leading disease-related cause of deaths of human population and is also a seriously threatening the health and life of humans for a long period. Among all the current therapeutic methods, chemotherapy still remains an important option for cancer treatment. [1] [2] [3] However, the major hindrance to successful cancer chemotherapy is the development of drug and multidrug-resistance, in which cancer cells become simultaneously resistant to different structural types of chemotherapeutic agents and the development of novel anticancer drug. [4] [5] [6] Therefore, there is a need of new approaches that are specifically designed to avoid these drawbacks. The discovery of novel effective anticancer agents with leading properties than the currently used and with an alternative mechanism of action is an important endeavor in medicinal chemistry. [7, 8] Thus it is necessary to attempt new chemical entities (NCE's) as potential chemotherapeutic agents with an alternative mechanism of action. Recent progress in the field of cell biology has resulted in small molecule kinase inhibitors that have been successfully introduced into the drug market as selective anticancer agents with lowered side effects. [9] These findings provide new targets for anticancer drug design. In the design of new bioactive agents, the development of hybrid structures using a combination of two or more pharmacophores that have different mechanisms of action in the same molecule is the method of choice. These merged pharmacophores offer the possibility to overcome the current drug resistance and to reduce the appearance of new resistant strains. In addition, the strategy can also reduce unwanted side effects and may enhance biological potency.
Recently, amide derivatives received significant attention for their antitumor properties, especially the compounds which containing benzamide pharmacophore. The benzamide derivatives have been reported for their wide range of pharmacological activities including antitumor, [10] histonedeacetylase inhibition, [11] and CYP24A1 inhibitory activity. [12] In addition to these activities some benazamide derivatives were used as HDAC inhibitors, [13] glucokinaseactivators, [14] and antiprion agents, [15] etc. The promising bioactive diversity of this class of benzamide compounds urges us to synthesize and biologically evaluate a series of structural variants of benzamide derivatives.
Sulfonamides as an important class of pharmaceutical compounds exhibit a broad spectrum of biological activities [16, 17] due to its relatively simple structure. These compounds provide a key polar alternative to the frequently used amides as a bioisosteric replacement. [18] Sulfonamide derivatives also found to be potent cysteine protease inhibitors with possible extension of their therapeutic applications to Alzheimer's disease, arthritis and cancer. [19] This group is also found in some potent new antimicrotubule agents such as 2-fluoro-1-methoxy-4-pentafluorophenylsulfonamidobenzene (T138067), [20] N- [2-[(4-hydroxyphenyl )amino]-3-pyridinyl]-4-methoxybenzenesulfonamide (ABT-751) [21] are shown in Figure 1 .
Arylsulfonylpiperazines represent an important class of therapeutic agents which are good template for many different biological targets. In recent years, extensive research has been focused on developing novel piperazine derivatives to improve their biological activity. Piperazine bearing benzenesulfonyl group have been reported to showed anticancer, [22, 23] anti-allergic, [24] neuronal nicotinicacetylcholine receptors, [25] antibacterial, antiace-tylcholinesterase [26] and selective covalent inhibitors of transglutaminase 2 for Huntington's disease [27] activities. Furthermore, it was noticed that compound 1 as selective and orally bioavailable inhibitor (11β-HSD1 inhibitors) with efficacy in a cynomolgus monkey ex vivo enzyme inhibition model. [28] Also a high-throughput screening of a small molecule compound library utilizing a purified recombinant human enzyme identified compound 2 as a potent inhibitor of 11β-HSD1 ( Figure 2 ).
The present study aimed to synthesize certain sulfonamide containing piperazine derivatives in order to explore their anticancer activity. In continuation of our research in the synthesis of bioactive heterocycles and their biological evaluation, [29] [30] [31] [32] [33] we describe here, the synthesis of arylsulfonylpiperazine motif coupled with substituted benzamide derivatives to produce twenty new hybrid derivatives 3a-j and 4a-j ( Figure 3 ).
These newly synthesized compounds were evaluated for their cell growth inhibitory activities (IC50) towards cultures of five different cancer cells using MTT assay method. Some of the compounds were able to induce good inhibitory activities against the proliferation on T98G cancer cell line, while some compounds showed moderate activity.
EXPERIMENTAL
All the reagents were obtained from commercial sources and used without purification. MTT was obtained from Sigma Chemicals (St. Louis, MO, USA). Melting points were determined on a Buchi capillary melting point apparatus. The NMR spectra were recorded on Varian Gemini and Bruker, Avance spectrometers. Chemical shifts (δ) are reportedin ppm relative to internal standard tetramethylsilane(TMS). IR spectra were recorded on Thermo Nicolet Nexus 670 FTIR spectrometer. General procedure for the synthesis of 2-(4-benzamido)/ 4-florobenzamido acetic acid (1a-b) Glycine (2g, 0.026 mol, 1 equiv) was dissolved in (1.6g NaOH in 20mL water) 2N NaOH and taken in a round bottom flask, to that 4-fluorobenzoyl chloride in CH2Cl2 was added in portions. The reaction mixture ṽ was stirred for about four hours. After that to the reaction mixture hydrochloric acid was added till precipitate is formed. The obtained precipitate was filtered and washed with water. General procedure for the synthesis of 1-((4-substitutedphenyl)sulfonyl)piperazine (2a-j) 4-substituted aryl sulfonyl chloride (10 mmol, 1 equiv) was added in one portion to a solution of piperazine (60 mmol, 6 equiv) in CH2Cl2 (10 mL) at 0 °C. The reaction mixture was stirred at 0-10 °C for 30 min. Dilute with more amount of CH2Cl2 (20 mL), and removed the excess piperazine by the addition of saturated NaHCO3 (aq) (50 mL). Separate the organic layer washed with brine (50 mL), dried over Na2SO4 and concentrated in vacuo to provide crude product. The crude product was used directly or purified by crystallization using methanol to yield pure 1-((4-substitutedphenyl)sulfonyl)piperazine. General procedure for the synthesis of 3a-j and 4a-j To a mixture of hippuric acid 1 (5 mmol), 4-substitutedphenyl-sulfonylpiperazine (6 mmol), and HOBt hydrate (6 mmol) in DMF (5 mL) were added to EDCI (6 mmol) and the mixture was stirred at room temperature for 4-6 h. After the completion of reaction(confirmed by TLC), the reaction mixture was poured into ice cold water, the precipitate obtained was filtered and washed with water to afford the desired product. The pure compounds (3a-j and 4a-j) were isolated by column chromatography using 4:6 of Ethyl acetate: Hexane as eluent. 
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Biology
Maintenance of the cells
The human cancer cells of various origin (HeLa: Cervical, A549: Lung, A375: Skin, MD-AMB-23: breast and T98G: brain) were procured from National Centre for Cell sciences, Pune, and maintained in DMEM containing 10 % FBS with antibiotics and antimycotics at 37 °C,5% CO2in a CO2 incubator.
MTT Assay
The cytotoxic activity of the compounds were assessed by standard MTT assay in different cancer cells after 72h of drug treatment as described earlier. [34] This assay measures the percentage viability of the cells in response to different concentrations of the compounds. Active mitochondrial dehydrogenases of living cells convert the water soluble yellow tetrazolium salt to an insoluble purple formazan. The intensity of colour developed is an indicator of the percentage of viable cells present. In brief, cells (2000-5000/well) were plated in 96-well plates and kept overnight at 37 °C after which, the cells were incubated with and without various concentrations of the compounds (25, 50, 100 and 200 µM). Curcumin was used as the positive control. At the end of the incubation, medium was removed and fresh medium containing 20 % MTT solution (2 mg/mL in PBS) was added to each well and plates were incubated in at 37 °C in CO2 incubator for 2h. After 2 h, 0.1 mL of the extraction buffer (20 % SDS in 50 % DMF) was added and incubated at 37 °C for additional 1h before the optical density wasmeasured at 570 nm using a plate reader (Bio-Rad). The percentage of inhibition of cell viability was determined with reference to the untreated control. The data were subjected to linear regression analysis and the regression lines were plotted for the best straight-line fit. The IC50 concentrations were calculated by the respective regression analysis.
RESULTS AND DISCUSSION
Chemistry
The synthetic route for the preparation of target compounds (3a-j, 4a-j) is outlined in Scheme 2. Initially, the compounds 1a-b were synthesized by the reaction of 4-fluorobenzoyl/benzoyl chloride with glycine to yield 1ab (Scheme 2). On the other hand, 4-substituted phenylsulfonylpiperazines derivatives (2a-j) were prepared by starting with the appropriate arylsulfonylchlorides. 4substituted benzenesulfonylchlorides reacted with simple piperazine in CH2Cl2 under catalyst-free conditions. If we start with same equivalents of both piperazine and benzenesulfonylchloride, we get mixture of compounds A and B were shown in Scheme 1 (confirmed by TLC, give two spots in the reaction mixture). Later we performed the reaction by taking excess amount of piperazine and keeping the temperature low (0 °C) most of the compound formed in this case is only A (confirmed by TLC, exclusively gives single spot). Now the unreacted piperazine was removed by treating the reaction mixture with saturated aq. NaHCO3 solution to afford the required product (2a-j). Further, the structure of the compound was confirmed by 1 H NMR, the spectrum of the compound showed a broad peak at around δ 1.50-1.60 ppm characteristic due to NH proton (for example for compound 2a NH peak observed at δ 1.59 ppm). The amine functionality was also confirmed in the IR spectrum showed an absorption peak nearer to 3350 cm -1 . The resultant compounds were now integrated with substituted hippuric acid in presence of coupling agents. Initially, we tried the coupling reaction with 1,1'-Carbonyldiimidazole (CDI), but the product formed is found to have less yield. So we choose 1-Ethyl-3-(3dimethylaminopropyl)carbodiimide (EDCI) along with 1hydroxybenzo triazole (HOBt) to afford the title compounds. EDCI is known as a reagent of choice for amide coupling reactions. The use of this coupling reagent in this efficient procedure leads to a convenient process that does not require an elaborate purification. Further, the structure of all the final compounds was confirmed by NMR, mass and IR spectra. All the compounds obtained are in good yield with high purity.
In Vitro Anticancer Screening
The newly synthesized compounds 3a-j and 4a-j were tested for in vitro anticancer screening by using MTT assay method. The compounds were tested against five human cancer cell lines namely, HeLa (Cervical), A549 (Lung), A375 (Skin), MD-AMB-231(Breast) and T98G (Brain) and the results are presented in the Figure 3 synthesized compounds at concentrations ranging from 25 and 50 µM. The relationship between fraction of surviving cells for different cell lines and drug concentration was plotted and the response parameter IC50, which is the concentration required for 50% inhibition of cell viability was calculated. The IC50 values of the test compounds are shown in Table 1 .
The obtained data revealed that most of the synthesized compounds showed potent anticancer activity against the glioblastoma cell line, T98G. Most of the compounds showed IC50 values less than 100 in T98G cell line, out of which, 3b, 3d and 3g are more cytotoxic compared to other compounds. For these compounds, IC50 values are in the range of 24.0-34.3 µM (Table 1) , whereas some of the compounds showed IC50 values less than 120 µM, which indicates that these compounds are also important lead compounds. Similarly in A375 cell line, the IC50 value of compound 4e is found to be 38.2 µM. The present study revealed that among all the tested compounds most of the compounds induce maximum cytotoxicity in the glioblastoma cells compared to cancer cells of other origins.
The MTT dose-dependent study data showed in Figure S1 (supporting information) also confirmed that, out of all the synthesized compounds, there is a substantial increase in the cytotoxicity of the compounds 3b, 3d and 3g over T98G with increasing exposure to drug concentration. Further, the morphological changes induced by the compound 3d in T98G at various concentrations also correlate with that of the MTT assay results (Figure 4 ). The observed changes in the cellular morphologies of T98G cells under phase contrast microscope very well reflect the cytotoxic effect of the compound 3d in these cells. There was clear nuclear condensation, blebbing in cell membrane, decrease in the cell number and loss of the elongated morphology of T98G cells with the increase in the concentration of these compounds, as exemplified by results from studies with the compound 3d (Figure 4) .
Among the compounds we have synthesized, the first series of benzamide derivatives (3a-j) are shown to be more potent in T98G cell line rather than other cell lines. Moreover the inhibition effect distinctively enhanced in T98G cells, when the final compounds contained CH 3 and OCH3 groups (3b and 3d) on 4 th position of benzenesulfonylpiperazine motif. Also inhibition was substantially increased when the substitutions are flouro derivatives of methyl and methoxy viz., CF3 and OCF3.
CONCLUSION
In conclusion, synthesis of twenty novel substituted phenyllsulfonylpiperazines containing benzimide derivative has been described. All the synthesized compounds were tested against five cancer cell lines of different origins. Among the tested compounds, 3b, 3d and 3g showed potent cytotoxic activity against glioblastoma cell line. Compound 3d displayed the highest cytotoxicity followed by 3b and 3g. Compounds 4c and 4e were showed notable cytotoxic effect towards HeLa and A375 cell lines respectively. In general glioblastoma is the most sensitive towards the set of synthesized compounds. Some of the derivatives also inhibit HeLa and A375 cell lines. The results showed that the presence of 4-OCH3, CH3, OCF3 and CF3 groups attached to phenylsulfonylpiperazine makes the target compounds having good cytotoxic activity. The findings from this study might be beneficial as lead compounds for designing new compounds with potential antitumor activity. A further activity profile about the synthesized compounds is under progress.
